Background: Helminth infections, common in low-income countries, may protect
| INTRODUCTION
Allergy-related diseases (ARD) such as asthma, eczema and rhinitis are commoner in high-income countries (HICs) than in low-or middleincome countries (LMICs), but their prevalence is increasing in the latter, where consequences can be more severe because of limited access to diagnosis, care and necessary treatment. 1 Understanding exposures that "protect" against ARD in LMICs is important-for public health, and to provide insights into possible interventions for those at risk of ARD. Helminth infections are highly prevalent in LMICs, and immune responses to helminths and allergens are closely related. IgE and related effector mechanisms are likely to have evolved to protect mammals from helminths and ectoparasites, 2 but parasitic helminths must survive for decades in their hosts, and have evolved a myriad of mechanisms to evade or suppress the host immune response. 3 Animal models provide strong evidence that these mechanisms can protect the host against allergy-related outcomes. 4 In humans, the picture is more complex. Despite inverse associations between helminths and atopy, several trials have shown no, or little, effect of anthelmintic treatment on allergy-related outcomes. 4 One possible explanation is that early-helminth exposure has long-term effects, not mitigated by later treatment. In the Entebbe Mother and Baby Study (EMaBS), a randomized, placebocontrolled trial of anthelmintic treatment during pregnancy, we showed a striking increase in the incidence of infantile eczema following maternal treatment with albendazole in a population with a high prevalence of maternal hookworm infection. We also observed an increase in eczema among infants of mothers with schistosomiasis who were treated with praziquantel. 5 This was hailed as the first demonstration that treatment during pregnancy influenced ARD in the offspring. 6 As eczema in early childhood may herald the development of asthma at school age, and as eczema and asthma may have a common link to atopy, 7 we followed the EMaBS cohort to find out whether the prenatal intervention influenced risk of asthma and other allergyrelated diseases at age 9 years.
| METHODS

| Study design and participants
The Entebbe Mother and Baby Study (EMaBS) was a factorial randomized, placebo-controlled trial of anthelmintic treatment during pregnancy and early childhood conducted in Entebbe, Uganda-a semi-urban setting in equatorial East Africa [ISRCTN32849447]. 8, 9 Healthy pregnant women resident in the study area and planning to deliver at Entebbe Hospital, with no evidence of helminth-related 
| Statistical considerations and analysis
The analysis aimed to determine the impact of each treatment (maternal albendazole, maternal praziquantel, infant albendazole) on allergyrelated outcomes between age 5 and 9 years. Based on our factorial study design, our primary analysis for each of these three treatments was "everyone who received a particular treatment" vs "everyone who did not receive that treatment." All children who attended at 9 years were included in the analysis with the exception of children from multiple births, in which case just the first-born child was included. Additionally, children who attended previous annual visits or were seen by a doctor between the ages of five and nine were included in the analysis of rates of asthma and eczema.
The primary outcomes were reported wheeze in the last 12 months, SPT positivity to one or more allergens, and detectable asIgE at 9 years. We also analysed individual SPT results, recent reported rhinitis and urticaria at 9 years of age and doctor-diagnosed rates of asthma and eczema between the ages of five and nine. We included each reported asthma and eczema diagnosis, with the exception of diagnoses which occurred with 2 weeks of each other, which were considered the same event and were recorded with the earliest date.
We expected that 1000 children would be seen at 9 years with reported wheeze 10%-15%, and SPT positivity and IgE prevalence approximately 30%, giving 80% power with P < .05 to detect a difference between trial arms of 6% in the proportion of children with wheeze and 9% in the proportion with positive SPT or positive asIgE.
All outcomes were assessed using regression models (logistic for binary outcomes, linear for continuous measurements, Poisson for rates), which included all randomized treatments but no other factors.
Confounding with maternal hookworm and schistosomiasis was examined for primary outcomes. The Poisson model included gamma distributed random effects to account for clustering of allergy events by infant. Additional, pre-planned, analyses were performed in two subgroups. We investigated the effect of maternal albendazole on children of mothers with and without hookworm and the effect of maternal praziquantel on children of mothers with and without schistosomiasis. These analyses were carried out by introducing an interaction term between variables representing the randomized treatment and the worm infection in each regression model described above. To account for multiple comparisons, 99% confidence intervals are reported throughout.
| RESULTS
A total of 2507 pregnant women were recruited. This analysis includes only children seen at the 9-year-old annual visit. Excluding 13 second-born twins and 13 children who were not randomized to the intervention in childhood, we had data on 1188 (47.2%) mother-child pairs who had received all three randomized treatments ( Figure 1 ). Compared to mothers whose children did not attend the 9-year visit, mothers of children included in this article At age nine, prevalence of nematodes was slightly lower in children who had been treated with albendazole quarterly to age five, but the prevalence of helminths was low, with the exception of schistosomiasis ( Table 2 ).
| Primary outcomes
At age 9 years, data were available on recent reported wheeze for 1143 (96.2%) children, SPT allergen response for 1140 (96.0%) and allergen-specific IgE response for 1096 (92.3%). The overall prevalence of recent reported wheeze was 3.85%, of SPT positivity 25.0%
and of detectable IgE to house dust mite, cockroach or both 44.1%.
There was no evidence of an effect of randomized treatment on any primary outcome (Table 3 ). There was no evidence of confounding or of any interaction between treatments (P > .1 for all interactions).
In pre-planned subgroup analyses, we also found no evidence of an interaction between maternal hookworm and maternal albendazole nor maternal schistosomiasis and praziquantel (Table 4) .
| Secondary outcomes
We had data on doctor-diagnosed illness events between ages five and nine for 1679 children. Twenty of these experienced a total of 50 doctor-diagnosed asthma events, a rate of 8.5 per 1000 years of follow-up, giving limited statistical power. There was no clear evidence of any effect of treatment on this outcome.
FEV1 measurements were available for 1007 infants (84.8%). The mean FEV1 was 1.41 mL (SD = 0.25), with a range of 0.68-2.5. There was no evidence of an effect of treatment on FEV 1 (Table 5) .
Thirty-eight infants experienced a total of 65 doctor-diagnosed eczema events, a rate of 11.0 per 1000 years. There were 58 infants with reported eczema in the 12 months prior to their 9-year assessment, but only 29 cases of flexural dermatitis (eczema) discovered at examination at 9-year assessments, six of which were related to skin lesions in the finger webs indicative of scabies burrows and so
were not classified as flexural dermatitis according to our protocol.
Maternal albendazole was associated with a twofold increase in reported eczema, but the confidence interval was wide (OR 2.03; 99% CI 0.98, 4.21). OR point estimates were >1.00 for effects of maternal and childhood treatment on other measures of eczema, but again confidence intervals were wide.
There were 52 (4.7%) children with recent rhinitis at age nine. There was some evidence of a deleterious effect of maternal praziquantel on There was no evidence of any treatment effect on these SPT responses. There were insufficient positives to other allergens to draw firm conclusions.
| DISCUSSION
This trial is the first to investigate effects of anthelminthic intervention during pregnancy and early childhood on allergy-related outcomes at school age. We found no statistically significant effect-importantly no adverse effect-of maternal albendazole or praziquantel treatment during pregnancy, or of early-childhood treatment with albendazole, on the primary outcomes of wheeze in the last 12 months, or SPT response, at age 9 years.
As we have previously reported, our trial interventions during pregnancy had a substantial impact on helminth prevalence among mothers (albendazole treatment reduced hookworm infection (the commonest nematode) to 5%, compared to 45%; praziquantel reduced maternal S. mansoni infection to 5% compared with 21% 13 ) and there were striking effects of maternal treatment on the incidence of infantile eczema: increases of the order of twofold. 5 Therefore, we seemed well placed to investigate whether these effects translated to an impact on allergy-related outcomes at school age. However, we encountered a key limitation in the lower-than-expected prevalence of wheeze and incidence of doctor-diagnosed asthma: recent wheeze was reported by 4% (compared to the predicted 10%-15%, based on previous studies in Ethiopia and Kenya
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)
. No formal testing of airway resistance in response to methacholine was done to contribute to the diagnosis of asthma. Loss to follow-up made the cohort less representative of the Entebbe population than at the outset, but those retained were of higher SES than those who were lost, perhaps making underestimation of wheeze less likely. Non-atopic triggers for wheeze may be less common in Entebbe than elsewhere in Africa; for example, moderate temperatures and high humidity are likely to reduce risk of exercise-induced wheeze. 15 Education of the cohort on ARD may have resulted in a better understanding of wheeze and asthma than is usual in similar settings, making "false-positive" reports less likely.
We hypothesized that prenatal and early-life treatment of helminths might increase the risk of asthma and wheeze. No such effect was observed. If anything, there was a possible reduction among children exposed to prenatal or early-childhood albendazole. Although weak effects, these accord with findings of Lynch and colleagues 16 who found that albendazole treatment reduced rates of asthma in a Venezuela cohort. Theoretically, this benefit might represent the effect of a reduced burden of helminths, such as Ascaris, which induce wheeze during migration through the lungs, but the low burden of such nematode infections in our cohort makes this explanation unlikely.
Eczema was also uncommon at age nine, as expected with increasing age. Eczema was measured in three ways, all of which gave point estimates for effects of treatment that were greater than one but, again, there was limited statistical power. These results are in keeping with the persistent effect of maternal albendazole treatment observed at age five 17 and with the observation that eczema in early life was associated with eczema at age 9 years in this cohort (Lule et al, under review, Ped Allergy Immunol). In addition, there was a suggestion of an adverse effect of maternal albendazole treatment on prevalence of rhinitis in 9-year-olds. Thus, for ARD other than wheeze, our findings are consistent with a persistent, weak, adverse effect of the early-life interventions, but are inconclusive.
By contrast, the prevalence of SPT positivity and detectable asIgE was approximately as expected, and hence, we had good power to show that the prenatal and early-childhood interventions had no effect on atopy at age 9 years. This implies that possible effects of helminths are not mediated by a reduction in the specific IgE response to allergens. Indeed, within this cohort and elsewhere, it has been shown that in the presence of helminths, the link between asIgE and ARD is suppressed 18 and, similarly, the link between asIgE and histamine release. 19 Evaluation of the time course of ARD in this cohort showed a high prevalence and incidence of eczema in infancy but a marked decline in ARD with age, and no significant emergence of asthma at school age. 20 By contrast, the prevalence of atopy increased. This further emphasizes the dissociation between atopy and ARD. Given the modest prevalence of helminth infection to age 9 years in this semi-urban cohort, we postulate that other exposures also contribute to protection against allergy-related disease in this environment. Prenatal and early-life intervention against helminths, in the absence of change in other exposures, is not likely to have any immediate adverse impact on allergy-related disease risk in tropical, low-income settings.
